This survey was set up on a statistical sampling plan to determine the microbial quality of almonds as they are received at the processing plant. The total aerobic bacterial count and yeast and mold count distribution were skewed by a few high counts compared with the majority of relatively low counts. Hard shell varieties of almonds had lower counts than did soft shell, and almonds with complete shells had lower counts than shelled almonds. Almonds harvested onto canvas had lower counts than those harvested by knocking onto the ground. Nuts with the least amounts of foreign material mixed into the sample had the lowest counts, as did nuts with the least amount of insect damage. Coliforms, Escherichia coli, and Streptococcus were isolated from the nuts, and their presence was correlated with soil contamination. When almonds are stored, the total plate count, the Streptococcus count, and the E. coli count after an initial drop remain nearly constant for more than 3 months. In addition to the indicator organisms, several genera of bacteria were isolated including Bacillus, Xanthomonas, Achromobacter, Pseudomonas, Micrococcus or Staphylococcus, and Brevibacterium.
This survey was set up on a statistical sampling plan to determine the microbial quality of almonds as they are received at the processing plant. The total aerobic bacterial count and yeast and mold count distribution were skewed by a few high counts compared with the majority of relatively low counts. Hard shell varieties of almonds had lower counts than did soft shell, and almonds with complete shells had lower counts than shelled almonds. Almonds harvested onto canvas had lower counts than those harvested by knocking onto the ground. Nuts with the least amounts of foreign material mixed into the sample had the lowest counts, as did nuts with the least amount of insect damage. Coliforms, Escherichia coli, and Streptococcus were isolated from the nuts, and their presence was correlated with soil contamination. When almonds are stored, the total plate count, the Streptococcus count, and the E. coli count after an initial drop remain nearly constant for more than 3 months. In addition to the indicator organisms, several genera of bacteria were isolated including Bacillus, Xanthomonas, Achromobacter, Pseudomonas, Micrococcus or Staphylococcus, and Brevibacterium.
Edible sweet almonds (Prunus amygdalus) have three distinct parts: the inner kernel or meat, the middle shell portion, and an outer hull. Almond varieties vary in shell texture; therefore, they are termed hard or soft shelled. The harvesting procedure starts when the almonds are partly dried on the trees. They are shaken down to collecting sheets or onto the ground and are mechanically picked up after further drying. A hulling operation then removes the outer hulls. During this operation, some nutmeats are inadvertently removed from the shell. The hulled nuts are then sent to the processing plant where the nuts are fumigated to destroy insects and eggs before shelling. After the shell has been removed, the nutmeats are processed into graded meats or almond products.
This research was conducted at the request of the almond industry to determine the microbial quality of almonds as received at the processing plant. A preliminary report of this research has been published (5) . There has been a continuing interest in coliforms and Escherichia coli in relation to almond contamination (7, 9, 13 Microbial analyses. Nutmeats were removed from the sample bag or from the shell in an aseptic manner and placed in a sterile bottle. Hard-shelled varieties were cracked with a small hammer before the meat was removed with forceps. An equal weight of water was added to the approximately 10 g of nutmeats in the bottle, and the sample was shaken to wash the surface of the nutmeat. After 5 min, the sample was again shaken, and portions were removed for dilution in 0.1% peptone water (12) Appropriate descriptive tests were run on the isolates by use of standard methods (11) . After these tests were completed, the organisms were grouped by genera (10) . RESULTS Microbial counts. The total bacterial plate counts on the almonds were quite low, on the average, when compared with those of food items that are not dry processed. The highest value of bacterial counts is within the suggested limit of counts for many foods (4). During both seasons, the yeast and mold count plates contained mostly mold and very little yeast.
The data shown in Table 1 illustrate the wide range and distribution of microbial counts. The median is considerably lower than the mean, indicating that the majority of counts are low, with a relatively few high-count samples that skew the data. Ninety per cent of the values found are below the value listed as the ninth decile in Table 1 .
To compare microbial contamination of the unprocessed nuts with that of processed nuts, a series of counts were made on processed almond meats. Table 1 for receiving supplies, indicating a net drop in microbial count during the processing.
Indicator organisms. We examined the unprocessed nuts for coliform and streptococcus content as pollution-indicator organisms in almond processing. Both types were found on the nutmeats when delivered to the processing plant. Table 2 lists the counts obtained from the samples containing these organisms. From the 1966 season, all 22 streptococcus-positive samples were isolated from soft-shell varieties that had been shelled or had split shells. Coliforms were also present in 11 of these samples, but only two had E. coli. Of the 1967 samples, 51 (52%) had Streptococcus organisms present, only 17 having come from whole-shell nuts. In the 1967 tests, coliforms were also found in 33 of the 51 streptococcus-positive samples, but only which had coliforms (24%) were the soft-shelled Nonpareil variety. Correlations shown in Table 3 for the 1966 data indicate that coliforms were mainly present in almonds shelled before shipment to the processing plant and those with split shells. E. coli was present in seven (4.1 %) of the samples, a value somewhat lower than that found by Kokal and Thorpe (7) . A total of 40 of the 99 samples from the 1967 sampling had coliform organisms present. Of these, only nine contained E. coli. None of the correlations calculated for numbers of coliform organisms was significant. E. coli was isolated only from nuts that had the shell removed or had split shells.
Correlations of microbial counts and test variables. To give a more normal distribution to the data shown in Table 1 , the microbial counts were expressed as logs from which geometric means and confidence intervals were estimated (3). The confidence intervals were based on Student's t distribution at the 95% probability level. (Fig. 1) .
The influence of shell type and condition upon the microbial counts of almond meats is shown in Table 4 . In general, the hard-shelled almonds had lower counts than the soft-shelled varieties. The more complete the shell, the lower FIG. 1. In-shell almonds after removal of hulls. Notice the difference in amount of shell breakage and exposure of meats between the hard-shell (left) and soft-shell (right) varieties as they appear when delivered to the processing plant. the microbial content of the meat. These data illustrate the importance of a complete shell for preventing contamination. The fact that the shells frequently crack and meats are exposed during drying on the tree, particularly with soft-shelled varieties, indicates the need to maintain relatively clean conditions during all handling steps in order to minimize contamination of the nutmeat.
Method of harvest. During the 1967 season, we obtained samples that had been harvested by knocking the nuts either onto some type of ground cover (such as canvas) or onto the soil, which usually is carefully rolled and prepared in advance. Nuts without contamination, harvested by either method, were statistically compared (Table 5 ). Those harvested on ground cloths had significantly lower bacterial and yeast and mold counts than those picked from the ground.
Contamination materials. During the 1967 season, some samples were selected from incoming shipments of almonds that contained noticeable dirt. These samples were classified and analyzed by the kind of foreign material present. The classes were: no noticeable contamination, mud balls and pieces of dried manure, mud balls only, and other foreign material (lint, ground in soil on meats, worms, rubber, rocks, etc.). The analysis shown in Table 6 illustrates the influence of the various contaminants upon the microbial counts.
These data indicate that bacterial counts are related to the amount of soil mixed with the sample. The three contaminated categories (Table 6) Types of bacteria isolated from almond meats. To determine the types of aerobic bacteria present on almond meats, a total of 25 colonies were isolated from each of two processed and two unprocessed samples. The colonies were classified as to genera by the method of Skerman (10) . Most Numerically, the second most important group (16 isolates) was the gram-negative, catalasepositive, motile, and rod-shaped bacteria. Of these, two seemed to fit the classification of the genus Xanthomonas and two Achromobacter.
Except for two nonmotile cultures, the remaining bacteria had polar flagella but could not be easily placed in a genus, although they were related to Pseudomonas as were two nonmotile cultures.
The third group, containing 15 isolates, consisted of gram-positive cocci that fit into the classification of Micrococcus or Staphylococcus. The last bacterial group of seven isolates can be described as gram-positive, catalase-positive, having nonmotile rods that do not form endospores, and loosely classified in the genus Brevibacterium.
Survival studies. Figure 3 shows the survival of total bacteria, E. coli, and Streptococcus species on almond meats stored in plastic bags at 2 or 24 C. The total bacterial counts were made on normal samples of almonds; for the counts of E. coli and Streptococcus species, the organisms were The indicator organisms (coliforms, E. coli, and Streptococcus) were associated with soil contamination of nutmeats, as were the total bacteria. Kokal and Thorpe (7) showed that the incidence of E. coli on almonds was associated with processing operations after harvesting, although some E. coli cells were found on nuts before harvest. The present findings indicate contamination of nutmeats before processing, so their presence on processed nuts does not necessarily indicate poor manufacturing practice.
We had hoped to determine if Streptococcus or E. coli was the best indicator organism to use for measuring contamination of almonds. They both appear to be present in similar numbers and are associated with the same kind of contamination. Neither test appears to be superior, except that the Streptococcus test is easier and less time consuming. 0 The genera of bacteria isolated from the nut kernel, Bacillus, Xanthomonas, Achromobacter, Pseudomonas, Micrococcus, and Brevibacterium, would be expected to be associated with soil or plant material and to survive on the kernel. The survival of heat resistant Bacillus species on almonds could be of consequence if almonds are used as an ingredient for heat-processed food products. Survival tests for total bacterial count, streptococci, S. typhimurium, and E. coli indicate that the almond does not exert an inhibitory effect and that organisms can persist on the nuts for long periods of time. This illustrates the importance of preventing contamination of the nutmeat, particularly during normal processing when there is only a dry cleaning operation; it is not common practice to wash nutmeats.
The data show that the microbial quality of the almond as it is received at the processing plant is generally good. However, the surface contamination of the nutmeat can be partially controlled VOL. 20, 1970 by lessening the degree of soil or dust contact and thereby improving the quality of the product for further processing.
